Introduction {#S0001}
============

Non-small cell lung cancer (NSCLC) accounts for about four-fifths of lung cancers,[@CIT0001] and is the most lethal of all carcinomas in the world, with 11.6% morbidity rate and 18.4% mortality rate, according to GLOBOCAN 2018. Smoking is considered to be the most common risk factor for NSCLC, followed by genetic variations, which is also responsible for lung cancer.[@CIT0002],[@CIT0003] Due to the high recurrence rate and greater migrate, the 5-year survival rate is maintained at a lower level, ie, about 10--20%, despite great improvements in the detection and treatment of lung cancer in the last few decades.[@CIT0004],[@CIT0005] In recent years, a large number of studies have been conducted to find more potential biomarkers, like genes and proteins, which are involved in the development of NSCLC. Moreover, several microRNAs have been reported to be associated with NSCLC.

MicroRNAs (miRNAs) are a group of small, endogenous, non-coding RNA molecules, about 22 nucleotides in length.[@CIT0006] miRNAs exert regulatory effects on gene expression by binding to the 3ʹUTR region of the target mRNA transcribed by protein-coding genes, thus degrading the mRNA and preventing protein expression.[@CIT0007] Emerging evidence has illustrated that aberrations in the expression of miRNAs have been observed in several pathological diseases including malignant carcinomas, which produce a marked effect on the development of tissues and organs, especially in various cellular processes, including cell proliferation, metastasis, apoptosis, differentiation and metabolism.[@CIT0008],[@CIT0009] For example, Vannini et al summarized 37 miRNAs that were dysregulated in lung cancer, of which 24 miRNAs were associated with NSCLC.[@CIT0010] In addition, miR-31 was verified to play the role of an oncogene in NSCLC.[@CIT0011] In contrast, microRNA-29c, microRNA-30a, microRNA-216b, microRNA-944, microRNA-101, microRNA-154 and microRNA-185 functioned as anti-oncogenes in NSCLC.[@CIT0012]--[@CIT0018] However, the functional role of miR-331-3p in NSCLC is not very clear and needs further investigation.

The MLLT10 gene, located at 10p13, encodes AF10 protein, which is known as a transcriptional activator of gene expression.[@CIT0019] Based on previous studies, MLLT10 gene has been reported as a crucial fusion partner gene in specific leukemic fusions; one of its frequent fusion genes is mixed-lineage leukemia (MLL, also known as KMT2A) detected in acute leukemias, with the translocation t(10;11)(p13;q23).[@CIT0020],[@CIT0021] Another common fusion gene is phosphatidylinositol-binding clathrin assembly lymphoid--myeloid (PICALM, previously called as CALM), with the translocation t(10;11)(p13;q21).[@CIT0022] In addition, NAP1L1-MLLT10 recombination was found in pediatric T-acute lymphoblastic leukemia.[@CIT0023] MLLT10/IL3 rearrangement was also found in acute lymphoblastic leukemia.[@CIT0024] Whether MLLT10 also plays a role in pathological diseases other than leukemias had piqued our interest.

The purpose of our study was to delineate the functional roles of miR-331-3p and MLLT10 in NSCLC tumorigenesis, which may provide useful information for NSCLC clinical diagnosis and treatment.

Patients and Methods {#S0002}
====================

Samples and Tissues {#S0002-S2001}
-------------------

Twenty-six cases of NSCLC patients who were admitted to our hospital from October 2017 to January 2019 were selected to conduct our study. Tumor tissues and paired non-cancerous tissues were collected from the 26 patients, who had not undergone any therapy. Total tissues were snap-frozen in liquid nitrogen and stored at --80 °C for later experiments. The clinical characteristics of the patients are summarized in [Table 1](#T0001){ref-type="table"}. All the procedures followed for extraction and utilization of tissue samples complied with the ethical standards of our hospital. This study was approved by the ethics committee of Huai'an Second People's Hospital and The Affiliated Huai'an Hospital of Xuzhou Medical University. All patients provided their informed consent before participating in the study.Table 1Clinical Characteristics of the Study ParticipantsVariablesNPercent (%)**Age at diagnosis** ≤60830.77% \>601869.23%**Gender** Male2076.92% Female623.08%**Smoking** Yes1661.54% No1038.46%**Alcohol** Yes1453.85% No1246.15%**TNM stage** I+II519.23% III+IV2180.77%**Distant metastasis** Yes1557.69% No1142.31%**Family history** Yes519.23% No2180.77%Total26100.00%

Cell Culture {#S0002-S2002}
------------

Six types of HSCLC cell lines: BEAS-2b, H1299, A549, H1650, H292and H1944 were obtained from the Institute of Biochemistry and Cell Biology of the Chinese Academy of Sciences (Shanghai, China). All cells were cultured in Roswell Park Memorial Institute (RPMI-1640) medium, supplemented with 1% penicillin-streptomycin and 10% fetal bovine serum (FBS), in humidified incubators with 5% CO~2~ at 37 °C.

Transfection {#S0002-S2003}
------------

miR-331-3p inhibitor (inhibitor-miR-331-3p) or its negative control (inhibitor-NC) was transfected into A549 and H1944 cells separately, whereas miR-331-3p mimic (mimic-miR-331-3p) or its negative control (mimic-NC) was transfected into H1650 and H1299 cells separately to observe the functions of miR-331-3p on tumor cell proliferation. Luciferase activity was measured after the transfection of mimic-miR-331-3p and mimic-NC into H1650 and H1299 cells separately. LV-anti-miR-331-3p, LV-anti-miR-331-3p+shMLLT10 or their negative control (LV-NC) were transfected into A549 cells; and LV-miR-331-3p, LV-miR-331-3p+LV-MLLT10 or their negative control (LV-NC) were transfected into H1650 cells to measure the effects of miR-331-3p and MLLT10 on the expression levels of MLLT10, E-cadherin and Vimentin, as well as tumor proliferation, migration, and invasion. The inhibitors and mimics of miR-331-3p, as well as lentiviruses mentioned above, were obtained from GenePharma (Shanghai, China).

RT-qPCR {#S0002-S2004}
-------

Total RNA was collected from 26 paired tumor tissues and non-cancerous tissues, six types of cell lines without any transfection, A549 and H1944 cells transfected by inhibitor-miR-331-3p or inhibitor-NC, and also H1650 and H1299 cells transfected by mimic-miR-331-3p or mimic-NC, using TRIZOL reagent (Sigma, USA). The RNA was reverse transcribed to cDNA by using the iScript cDNA synthesis kit (Bio-Rad Laboratories, Hercules, CA). The TaqMan MicroRNA PCR kit (Applied Biosystems, Foster City, CA), which contained primers of miR-331-3p and U6, was used to perform real-time qPCR with the help of the Applied Biosystems 7500 Realtime PCR System (Applied Biosystems, Foster City, CA, USA).

Luciferase Activity Assay {#S0002-S2005}
-------------------------

Wild type MLLT10 3ʹUTR or the mutant form of MLLT10 3ʹUTR (MLLT10 3ʹUTR^mut^) were inserted into pGL3 vector containing luciferase reporter gene and separately transfected into H1650 and H1299 cells placed in 6-well plates to carry out dual-luciferase activity assays. Following this, mimic-miR-331-3p or mimic-NC was added to the transfected H1650 and H1299 cells with the help of Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA). Forty-eight hours later, luciferase activity was measured in H1650 and H1299 cells with the help of a dual-luciferase reporter system (Promega Corporation, WI, USA). The sequences of MLLT10 3ʹUTR, MLLT10 3ʹUTR^mut^ and pGL3 vector were bought from GenePharma (Shanghai, China).

Western Blot {#S0002-S2006}
------------

A549 cells transfected with the lentiviruses LV-anti-miR-331-3p, LV-anti-miR-331-3p+shMLLT10, or LV-NC, and H1650 cells transfected with the lentiviruses LV-mimic-miR-331-3p, LV-mimic-331-3p+LV-MLLT10, or LV-NC, were lysed using ice-cold lysis buffer (Beyotime Biotechnology, Jiangsu, China). Proteins were separated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), and the segregated proteins were transferred to polyvinylidene difluoride (PVDF) membranes. After blocking in 5% skimmed milk at room temperature for 1.5 h, the PVDF membranes were incubated with the specific primary antibodies (MLLT10, 1:1000, Abcam, Ambridge, UK, ab208016; E-cadherin, 1:10,000, Abcam, Ambridge, UK, ab40772; Vimentin, 1:2000, Abcam, Ambridge, UK, ab92547 and GADPH, 1:10,000, Abcam, Ambridge, UK, ab181602) at a controlled temperature of 4 °C. After 24 h, the membranes were washed with TBST three times and then incubated with the secondary antibody (1:20,000, Abcam, Ambridge, UK, ab205718) for two hours at room temperature to visualize the proteins. All antibodies used were purchased from Proteintech.

Cell Counting Kit-8 Assay {#S0002-S2007}
-------------------------

We applied the Cell Counting Kit-8 (CCK-8) assay to observe the effects of miR-331-3p and MLLT10 on tumor cell viability. Transfected cells were seeded into 96-well plates (3000 cells/well) and incubated at 37 °C with 5% CO~2~ atmosphere. During the five-day growth period, after 24 h of each addition of CCK8 solution (Beyotime, Hangzhou, China) to each well, cell numbers were counted using Thermo Scientific Fluoroskan Ascent (Thermo Scientific, USA) according to the optical density (OD) value measured at a wavelength of 450nm. Finally, a growth curve for cell growth in five days was generated.

Transwell Assay {#S0002-S2008}
---------------

Cell migration and cell invasion were both analyzed by the transwell assay. Transwell chambers (24-well plate, 8-µm pore size) were prepared for the following experiments. Transfected cells were washed with PBS two times, then cultured in RPMI-1640 medium without FBS for 24 h. 100ul cells with a density of 1×10^5^ were seeded into the upper chambers. For the study of invasion assay, the uppers chambers were pre-coated with Matrigel (BD Biosciences, San Jose, CA, USA). The lower chambers, which were also called 24-well plates, were supplemented with 600ul RPMI-1640 medium with 10% FBS. After incubation for 24 h at 37 °C with 5% CO~2~, non-migrated cells or non-invaded cells in the upper chambers were wiped off gently using a cotton swab. Following this, the migrated or invaded cells were immobilized with 70% formaldehyde solution for 45 min, then stained with 0.1% crystal violet for half an hour. Eventually, five images of migrated or invaded cells, including the middle one and the peripheral four, were captured by a microscope.

Statistical Analysis {#S0002-S2009}
--------------------

The data were represented as the mean ±standard deviation (SD), and were the average of three independent experiments. We carried out Student's *t*-test and One-Way ANOVA analysis to measure the differences between quantitative variables. The above-mentioned statistical analyses were performed with the help of Prism (7.0) and R studio (3.6.1) software. Two-tailed P-value \< 0.05 was considered to be statistically significant.

Results {#S0003}
=======

miR-331-3p Was Down-Regulated in NSCLC {#S0003-S2001}
--------------------------------------

Our first objective was to investigate whether miR-331-3p was dysregulated in NSCLC. RT-qPCRs were carried out to measure the expression levels of miR-331-3p in NSCLC tumor tissues and cell lines. RT-qPCR results showed that the expression levels of miR-331-3p in 26 NSCLC tumor tissues were significantly lower than that in 26 paired non-cancerous tissues ([Figure 1A](#F0001){ref-type="fig"}). Also, the expression level of miR-331-3p in the five cell lines A549, H1650, H292, H1299, and H1944 was found to be lower than that found in BEAS-2b cell line, which is the normal human pulmonary epithelial cell line ([Figure 1B](#F0001){ref-type="fig"}). The above-mentioned positive and negative findings elucidated that miR-331-3p was downregulated in NSCLC, and was associated with NSCLC development to a large extent.Figure 1miR-331-3p was down-regulated in NSCLC. (**A**) miR-331-3p expression levels were measured in tumor tissues and adjacent normal tissues extracted from 26 NSCLC patients using RT-qPCR. (**B**) miR-331-3p expression levels were measured by RT-qPCR in six NSCLC cell lines, BEAS-2b, A549, H1650, H292, H1299 and H1944. All quantitative values were the average of three independent experiments. \*P\<0.05,\*\*P\<0.01,\*\*\*P\<0.001.

miR-331-3p Suppressed NSCLC Tumor Cell Proliferation {#S0003-S2002}
----------------------------------------------------

We used CCK-8 assay to identify the functional effects of miR-331-3p in NSCLC tumor cell proliferation. Firstly, RT-qPCR results confirmed that the expression levels of miR-331-3p were decreased in A549, H1944 and H1299 cells with the transfection of inhibitor-miR-331-3p ([Figure 2A](#F0002){ref-type="fig"}). Secondly, the results showed that the cell viabilities of A549, H1944 and H1299 cells transfected with inhibitor-miR-331-3p were higher than that of the cells transfected with inhibitor-NC (control group) from Day 3 to Day 5 correspondingly ([Figure 2B](#F0002){ref-type="fig"}[D](#F0002){ref-type="fig"}). On the other hand, the overexpression of miR-331-3p by the transfection of mimic-miR-331-3p in A549, H1650 and H1299 cells was confirmed by RT-qPCR results, as shown in [Figure 2E](#F0002){ref-type="fig"}. Subsequently, CCK-8 assay results elucidated that the cell viabilities of A549, H1650 and H1299 cells transfected with mimic-miR-331-3p were lower than that of the cells transfected with mimic-NC (control group) from Day 3 to Day 5 correspondingly ([Figure 2F](#F0002){ref-type="fig"}[H](#F0002){ref-type="fig"}). Overall, the results illustrated that the downregulation of miR-331-3p promoted the growth of A549, H1944 and H1299 cells, whereas the upregulation of miR-331-3p suppressed the growth of A549, H1650 and H1299 cells. Thus, by double verification, we have enumerated that miR-331-3p inhibits NSCLC tumor cell proliferation.Figure 2miR-331-3p inhibited tumor cell proliferation in NSCLC. (**A**) miR-331-3p expression levels were detected in A549, H1944 and H1299 cells transfected with inhibitor-NC or inhibitor-miR-331-3p through RT-qPCR. (**B**) Cell viabilities of A549 cells transfected with inhibitor-NC or inhibitor-miR-331-3p from Day1 to Day5 with the support of CCK-8 assay. (**C**) Cell viabilities of H1944 cells transfected with inhibitor-NC or inhibitor-miR-331-3p from Day1 to Day5 with the support of CCK-8 assay. (**D**) Cell viabilities of H1299 cells transfected with inhibitor-NC or inhibitor-miR-331-3p from Day1 to Day5 with the support of CCK-8 assay. (**E**) miR-331-3p expression levels were detected in A549, H1650 and H1299 cells transfected with mimic-NC or mimic-miR-331-3p through RT-qPCR. (**F**) Cell viabilities of H1299 cells transfected with mimic-NC or mimic-miR-331-3p from Day1 to Day5 with the support of CCK-8 assay. (**G**) Cell viabilities of H1650 cells transfected with mimic-NC or mimic-miR-331-3p from Day1 to Day5 with the support of CCK-8 assay. (**H**) Cell viabilities of H1299 cells transfected with mimic-NC or mimic-miR-331-3p from Day1 to Day5 with the support of CCK-8 assay. All quantitative values were the average of three independent experiments. \*P\<0.05,\*\*P\<0.01,\*\*\*P\<0.001.

MLLT10 Was a Downstream Target Gene of miR-331-3p in the Development of NSCLC {#S0003-S2003}
-----------------------------------------------------------------------------

A dual-luciferase activity assay was performed to confirm that MLLT10 is a downstream target gene of miR-331-3p in the progression of NSCLC. Primarily, we observed that miR-331-3p could bind to a specific sequence in the 3ʹUTR region of MLLT10 mRNA (position 1470--1494) ([Figure 3A](#F0003){ref-type="fig"}). The luciferase activities of MLLT10 3ʹUTR in H1650 and H1299 cells transfected with mimic-miR-331-3p were lower than that in cells transfected with mimic-NC ([Figure 3B](#F0003){ref-type="fig"} and [D](#F0003){ref-type="fig"}). However, the luciferase activities for MLLT10 3ʹUTR^mut^ in H1650 and H1299 cells transfected with mimic-miR-331-3p were identical with that in cells transfected with mimic-NC ([Figure 3C](#F0003){ref-type="fig"} and [E](#F0003){ref-type="fig"}). The above-mentioned findings showed that MLLT10 was a direct target of miR-331-3p in H1650 and H1299 cells, and thus we inferred that MLLT10 is a downstream target gene of miR-331-3p in the development of NSCLC.Figure 3MLLT10 was the downstream gene of miR-331-3p in NSCLC. (**A**) The sequences of miR-331-3p and MLLT10 3ʹUTR (position 1470--1494). (**B**) The luciferase activities of H1650 cells transfected with pGL3 vector containing MLLT10 3ʹUTR and mimic-NC or mimic-miR-331-3p using a dual-luciferase activity assay.(**C**) The luciferase activities of H1650 cells transfected with pGL3 vector containing MLLT10 3ʹUTR^mut^ and mimic-NC or mimic-miR-331-3p using a dual-luciferase activity assay.(**D**) The luciferase activities of H1299 cells transfected with pGL3 vector containing MLLT10 3ʹUTR and mimic-NC or mimic-miR-331-3p using a dual-luciferase activity assay.(**E**) The luciferase activities of H1299 cells transfected with pGL3 vector containing MLLT10 3ʹUTR^mut^ and mimic-NC or mimic-miR-331-3p using a dual-luciferase activity assay. All quantitative values were the average of three independent experiments. \*\*P\<0.01.

MLLT10 Was Negatively Modulated by miR-331-3p in NSCLC {#S0003-S2004}
------------------------------------------------------

Western blot was used to explore the effects of miR-331-3p on MLLT10 expression. MLLT10 was downregulated in A549 and H1944 cells transfected with shMLLT10 ([Figure 4A](#F0004){ref-type="fig"} and [B](#F0004){ref-type="fig"}), and upregulated in H1650 and H1299 cells transfected with LV-MLLT10 ([Figure 4E](#F0004){ref-type="fig"} and [F](#F0004){ref-type="fig"}). Western blot results identified that the MLLT10 protein expression levels in A549 cells transfected with LV-anti-miR-331-3p were higher than that in A549 cells transfected with LV-NC or LV-anti-miR-331-3p+shMLLT10 ([Figure 4C](#F0004){ref-type="fig"} and [D](#F0004){ref-type="fig"}). Consistently, the MLLT10 protein expression levels in H1650 cells transfected with LV-miR-331-3p were lower than that in H1650 cells transfected with LV-NC or LV-miR-331-3p+LV-MLLT10 ([Figure 4E](#F0004){ref-type="fig"} and [F](#F0004){ref-type="fig"}). These results put together confirmed that MLLT10 was negatively modulated by miR-331-3p in NSCLC.Figure 4MLLT10 was regulated by miR-331-3p negatively in NSCLC. (**A** and **B**) MLLT10 protein expression levels were detected in A549 and H1944 cells transfected with sh-NC or shMLLT10 with the help of Western blot. (**C** and **D**) MLLT10 protein expression levels were detected in A549 cells transfected with LV-NC, LV-anti-miR-331-3p, or LV-anti-miR-331-3p+shMLLT10 with the help of Western blot. (**E** and **F**) MLLT10 protein expression levels were detected in H1650 and H1299 cells transfected with LV-NC or LV-MLLT10 with the help of Western blot. (**G** and **H**) MLLT10 protein expression levels were detected in H1650 cells transfected with LV-NC, LV-miR-331-3p, or LV-miR-331-3p+LV-MLLT10 with the help of Western blot. GAPDH conducted as the internal control. All quantitative values were the average of three independent experiments. \*P\<0.05.

miR-331-3p Repressed Tumor Cell Proliferation, Metastasis and Invasion by Targeting MLLT10 in NSCLC {#S0003-S2005}
---------------------------------------------------------------------------------------------------

CCK-8 assay and transwell assay were used to investigate the functional roles of miR-331-3p and MLLT10 in the cellular processes of NSCLC. CCK-8 assay results revealed that the cell viability of A549 cells transfected with LV-anti-miR-331-3p was higher than that of cells transfected with LV-NC or LV-anti-miR-331-3p+shMLLT10 ([Figure 5A](#F0005){ref-type="fig"}). In addition, the cell viability of H1650 cells transfected with LV-miR-331-3p was evidently lower than that of cells transfected with LV-NC or LV-miR-331-3p+LV-MLLT10 ([Figure 5B](#F0005){ref-type="fig"}). Transwell assay showed that the migration and invasion cell numbers of A549 cells transfected with LV-anti-miR-331-3p were both significantly more than that of cells transfected with LV-NC or LV-anti-miR-331-3p+shMLLT10 ([Figure 5C](#F0005){ref-type="fig"}). In contrast, the migration and invasion cell numbers of A549 cells transfected with LV-miR-331-3p were both significantly less than that of cells transfected with LV-NC or LV-miR-331-3p+LV-MLLT10 ([Figure 5D](#F0005){ref-type="fig"}). Taking these results together, we propose that miR-331-3p represses tumor cell proliferation, migration, and invasion in NSCLC development. However, MLLT10 relieves these inhibitory effects of miR-331-3p on tumor cell proliferation, migration, and invasion in NSCLC development.Figure 5miR-331-3p repressed tumor cell proliferation, metastasis, invasion by targeting MLLT10 in NSCLC. (**A**) Cell viabilities were detected in A549 cells transfected with LV-NC, LV-anti-miR-331-3p, or LV-anti-miR-331-3p+shMLLT10 from Day1 to Day5 with the help of CCK-8 assay. (**B**) Cell viabilities were detected in H1650 cells transfected with LV-NC, LV-miR-331-3p, or LV-miR-331-3p+LV-MLLT10 from Day1 to Day5 with the help of CCK-8 assay.(**C**) The migration and invasion cell numbers of A549 cells transfected with LV-NC, LV-anti-miR-331-3p, or LV-anti-miR-331-3p+shMLLT10 using Transwell assay.(**D**) The migration and invasion cell numbers of H1650 cells transfected with LV-NC, LV-miR-331-3p, or LV-miR-331-3p+LV-MLLT10 using Transwell assay. All quantitative values were the average of three independent experiments. \*P\<0.05,\*\*P\<0.01.

miR-331-3p/MLLT10 Axis Modulated the Expression of E-Cadherin and Vimentin in NSCLC {#S0003-S2006}
-----------------------------------------------------------------------------------

To further explore the mechanisms of metastasis in NSCLC tumor cells induced by miR-331-3p/MLLT10, E-cadherin and Vimentin expression levels were analyzed by Western blot. The Western blot results showed that E-cadherin expression levels in A549 cells transfected with LV-anti-miR-331-3p+shMLLT10 were significantly higher than that in A549 cells transfected with LV-anti-miR-331-3p alone, which served as the control group, whereas the Vimentin expression levels followed an opposite trend ([Figure 6A](#F0006){ref-type="fig"} and [B](#F0006){ref-type="fig"}). In addition, the E-cadherin expression levels in H1650 cells transfected with LV-miR-331-3p+LV-MLLT10 were significantly lower than that in H1650 cells transfected with LV-miR-331-3p alone, which also served as the control group. The Vimentin expression levels were consistent in following an opposite trend ([Figure 6C](#F0006){ref-type="fig"} and [D](#F0006){ref-type="fig"}). The suppression of the metastasis of A549 cells by the co-transfection of shMLLT10 correlated with the overexpression of E-cadherin and downregulation of Vimentin. On the other hand, the promotion of metastasis of H1650 cells by the co-transfection of LV-MLLT10 correlated with the downregulation of E-cadherin and overexpression of Vimentin. Thus, EMT-mediated metastasis induced by miR-331 and MLLT10 was verified by the above-mentioned experimental evidence.Figure 6miR-331-3p/MLLT10 axis modulated the expression of E-cadherin and Vimentin in NSCLC. (**A** and **B**) E-cadherin and Vimentin expression levels were measured in A549 cells transfected with LV-NC, LV-anti-miR-331-3p, or LV-anti-miR-331-3p+shMLLT10 using Western blot. (**C** and **D**) E-cadherin and Vimentin expression levels were measured in H1650 cells transfected with LV-NC, LV-miR-331-3p, or LV-miR-331-3p+LV-MLLT10 using Western blot. GAPDH conducted as the internal control. All quantitative values were the average of three independent experiments. \*\*P\<0.01.

Discussion {#S0004}
==========

Our experimental results elucidated that miR-331-3p was downregulated in 26 NSCLC tumor tissues and five NSCLC cell lines, including A549, H1650, H292, H1299, and H1944. In addition, it was verified that MLLT10 was targeted directly and negatively modulated by miR-331-3p, which indicated that MLLT10 was a downstream target gene of miR-331-3p in NSCLC progression. Moreover, the overexpression of miR-331-3p inhibited, whereas its downregulation enhanced tumor cell proliferation, migration, and invasion in NSCLC. However, MLLT10 reversed the above-mentioned inhibitory effects of miR-331-3p. Thus, we inferred that miR-331-3p acts as an oncogene, whereas MLLT10 acts as an anti-oncogene in NSCLC. Consistently, we also found that the migration of NSCLC tumor cells induced by miR-331-3p and MLLT10 was EMT-mediated metastasis. These findings provided new insight into understanding NSCLC tumorigenesis and metastasis, and enumerated that miR-331-3p/MLLT10 axis and EMT may be useful targets for NSCLC diagnosis and therapy.

miR-331-3p has been validated to play different functional roles in several types of malignant carcinomas. For instance, miR-331-3p serves as a tumor suppressor in melanoma, colorectal cancer, cervical cancer, glioblastoma, and prostate cancer.[@CIT0025]--[@CIT0029] On the other hand, miR-331-3p serves as a tumor promoter in pancreatic cancer and hepatocellular carcinoma.[@CIT0030]--[@CIT0032] In the current study, miR-331-3p was shown to be a tumor suppressor in NSCLC development, which is consistent with previous studies. The functional role of miR-331-3p in a wide range of carcinomas, as well as other pathological diseases, needs to be explored further.

MLLT10 was a putative target gene of miR-331-3p as identified by bioinformatic approaches (TargetScan, [<http://www.targetscan.org/cgi-bin/targetscan/mamm_31/view_gene.cgi?taxid=9606andgs=MLLT10&members=miR-331>]{.ul}). Our study illustrated not only that MLLT10 is a downstream target gene of miR-331-3p, but also that it is an oncogene in NSCLC cell proliferation, migration, and invasion. As far as we know, the research of MLLT10 has so far only focused on leukemia; thus, our study is the first to discover a correlation between MLLT10 and NSCLC. Recently, Jing et al proposed that MLLT10 conducted as a promoter in colorectal cell migration and invasion.[@CIT0033] This is another study to consider the potential effects of MLLT10 in malignant carcinomas, and its results provide evidence to validate our findings. The unknown role of MLLT10 in several diseases, especially human cancers, deserves further investigation.

To better understand the underlying mechanism of NSCLC tumor cell metastasis, and due to the ability of NSCLC tumor cells to easily transfer to another organ, the epithelial to mesenchymal transition (EMT) markers, E-cadherin and Vimentin, were examined. Our results revealed that miR-331-3p repressed the metastasis of NSCLC tumor cells by activating EMT. The tight correlation between miR-331-3p/MLLT10 and EMT-mediated metastasis was also found in hepatocellular carcinoma, pancreatic cancer, prostate cancer, and gastric cancer.[@CIT0030],[@CIT0032],[@CIT0034],[@CIT0035] MLLT10 was also validated to promote EMT-mediated metastasis in colorectal cancer.[@CIT0033] These reports were consistent with our finding that miR-331-3p/MLLT10 participated in the metastasis of NSCLC tumor cells via regulation of the expression of EMT markers.

Overall, our study proved that miR-331-3p is downregulated in NSCLC, and it inhibits NSCLC tumor cell proliferation, EMT-mediated metastasis, and invasion by targeting MLLT10. Although the detailed molecular mechanisms of miR-331-3p and MLLT10, the potential upstream gene of miR-331-3p and the downstream gene of MLLT10 in NSCLC, are not known and remain to be investigated in the future, however, the miR-331-3p/MLLT10 axis provides a novel clinical approach for NSCLC diagnosis, treatment and metastasis prevention.

Conclusions {#S0005}
===========

Our study found miR-331-3p was down-regulated in NSCLC, and the down-regulation of miR-331-3p promoted NSCLC tumor cell proliferation, EMT-mediated metastasis and invasion by targeting MLLT10. miR-331-3p played a suppressor role in NSCLC tumorigenesis. Our findings highlighted miR-331-3p/MLLT10 axis could be useful as a clinical diagnostic marker and therapeutic target for NSCLC.
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